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DECtAH^TION UNDER 37 CJ.R. 1:132 

MipH Stop AsnaidmBiit 
COMMISSIONER FOR PATENTS 
P.O. BOX 1450 

ALEXANDRIA, YA 22313-1450 
SIR: 

Now cQoies Kimg-Hyun LEE, who declwes and states that: 

1. I am tiie sole inveator of 4ie subject matter disclosed and claimed in the 
nbeve-sdcndfied appHeatioo. My qualifications are attodied hereto as Exhibit A. 

2. Ihavereadfheabove-idcattGedappliealiDii. 1 have also ievicwedU.$. Potent 
No. 6,383,942 to Narita et aL (becdnafiet; *^arita*0 and U.S. Patent No, 6.750,150 to Chung 
et oL (hem'naftg; "Chung'^. 
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3. I tmdcrstand that the broadest daim of the abovoidcntified applicadon is 
directed to a method for fabricatiss a nietal line of a scmicondvctor device; comprising the 
steps of: 

a) fonnitig an uumlaiioii layer on a semieonductor substrate on which 
devices or lower lines are fanned; 

b) forming a metal layer on the insulation layer; 

c) fotxning a photoresist pattern having an opcximg of certain width on the 
metal layer, wherdn the photoresist has a tliickncss of less than 9000 A 
and a ratio of the photoresist thickness to tbe width of the opening is 
less than about 3,5; 

d) fonning a buffer layer on the photoresist pattern, including in tbe 
opciiing; and 

e) selectively removing the metal layer at a lower side of the opening by 
dfy etching to &nn a pluraliiy of metal lines such that a dimension 
between adjacent metal lines is less than the width of said opening. 

4. ' The method defined by step^ 

improvements in defect icdncdon relative to otherwise identical nxetbods in which no buffer 
layer is formed on (he photoresist pattcni and: 

Q) The photoresist has a thickness greater than 9000 A and a xa^o of the 
photoresist tludmess to the width of the opening is greater than about 
3.S; or 

0S) The photoresist has a thidcncss less than 9000 ^ 

S- For C5tcmple, step c) in paragraph 3 above redtcs **sdcdively removing the 
metal layer at a lower side of the opening by dry etching to form a plurality of metal lines.** 
In pcocesses used to mahufecture commercial semiconductor devices, to fonn a pluraliiy of 
metal lines successfully, gaps between adjacent metal lines are fenncd without defects that 
cause a short circuit between the adjacent metol lines. 
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6. In processes used to manufacture coramcrdal semicooduclor devices in which 
a criticd dimedsion between adjacent mebU lines is 0^6 ym or less, a problem arises when 
the photoresist has a thickness grcoler than 9000 A. 

7, In this case, die openings in the photoresist have an asfpect nitio O^-^^ the ratio 
of Ibe photoresist thickness to the width of the opening) of greater than about 3.5. In other 
woi^ since 9000 Ay2600 A (0^6 \xxn) is abpnt 3*5 (using 2 significant digits), a photercsxst 
tiiickness of > 9000 A divided by ai9rid& of 0^6 yuoi leads to an aspect latio of > about 3S. 

S. When the openings in the photoresist have an aspect ratio > about 3«5. the 
aspect nrtjo of the gap fbtmed between adjacent metal lines having relatively thick 
photoresist thereon increases. This increase results in an increased likelihoad of the 
fbrmation of metal *^tringcrs" or other defects at the bottom of the gaps between the resolcmg 
metal lines that result in a short circuit between adjacent metal lines^ 

9. . In flie case where the photoresist has a thickness greater than 9000 A and the 
opedngs in the photorSist have an aspect ratio > about 3 J, the increased likelihood of metul 
. "stcingecs'' or oth^ shcirt circuit-causing defects is tmacceptably high &r''a commerciaL 
mami&ctuiing process. 

10« One possible solution to tiiis metal ''stringer^ ptoblon is to reduce the 
photoresist thickness to less than 9000 K QnB. commercial semiconductor manu&ctunng 
process^ one generally cannot, reduce the metal layer thickness without adversely aBccting 
perbimonce of the manulactnred semiconductor devices,) However, in many c o mm ercial 
semiconductor manui&cturing processes, a thickness of less than 9000 A for a com^eniiozutl 
photoresist may not be sufficient to diy etch the mttal layer imdcr the photoresist (sec step c) 
in paragraph 3 above). 

1 1, Typical conditions for dry etching a metal layer in commerciaL semiconductor 
manufiicturing processes are generally not sufSdently sdccdve with respect to the 
photoresist to ensure that an adequate amoimt of photoresist remains over the metal layer to 
prevent inadvertent ctdi damage to the top of die metal layer. Thus, when the photoresist 
thickness is less th«» 9000 A in commercial CMOS semiconductor manu&cturins processes^ 
there is an increased Hkeltbood of damage to the upper sur£tces of the rcsuLdng metal lines 
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tbot am degrade perfbrmunee of the rcsultmg semieoDductor devices and/or adversely t^SodL 
subsequdit proccssmg (e<g^ anti-rcflecttve eonting$ formed at or on the upper sor&ce of the 
metal lines 4iiay Imvc unacceptable anti-reflccdve properties)* 

IZ In diis cose, die increased likeHfaood of dxy etch danmge to the upper surface 
of the metal lines is tmacceptably high for a commercial semiconductor manufacturing 
pcoeess* 

13. . To solve diese '*metal stringer'* and dry ctdh damage problems, the method 
recited in paragraph 3 above first foims a photoresist pattern on the metal Uqw; where the 
photoresist has a dsicfcncss of less dian 9000 A and a ratio of the photoresist thickness to the 
width of an qpcoing ul Hbc photoresist is less than about 3.5, then forms a bnScr layer on the 
photoresist pattern, including in the openings 

]4« the method redted in pomgmpth 3 above reduces the likdihood of '"meiCBl 
stdnger" (or other short ctrcuit-caustng) defects and any adverse eSbets fiom dry eteh 
damage to an tipper suxftcc of metal lines to levds or values that are acceptable for 
commcrrial semiconductor mami&cjbutizig processes. 

15* One of ordinary skill in flie art of semiconductor manufi^cturing would not 
understand or appreciate fiom reading the Narita and Chung patents that the mctttod recited 
in p&ragn^ 3 above would provide the observed improvements in defect reduction 0»c., 
fiom commercially unaeceptsble levels to commereially acceptable levds). 

16. For exan^le^ Kanta disdoses a dry etdiing mcfbod for use in patterning 
stacked metal films containing aluminum as the base component and n.llun film induding at 
least one of titsnium and titanium nitride (Abstract). The method of Nantn intends to provide 
a dry etdiing method cf^ble of patterning a stadeed film such that die thin film is fiirmcd 
verdcally, and the metal film is prevented fitnn bdng sidcxtdied (coU 2, IL 47-53) and/or a 
pattern transfer difference is reduced in the stadced film (col. 3» U. 1-4). 

17. Narita toadies that the width of processed wiring usually becomes larger than 
that of a mask when a mask pattern is fisoned on the stacked film, and then die stodced film is 
processed by dry etdiing Ccol. 10, II. 18-21). In such a case, it is likdy that an interval (or 
Spp) between wiring portions will be narrowed, and a short drcuit will be caused easily 
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between Hxcm CNocita, col. 10, IL 21-24). ThiA disclo5ttze is conidstent with tlie discussion in 
pomgmphs 8-9 above regardiog the Ineta] stzmger*^ problcuL 

18. Naiita &ithcr teaches that this problem is difiBcult to solve in numatcniaxtl 
devices using convendoniil approaclies (coL 10« IL 35-36). For eixample, the mrxog caiuiat be 
fhinned becmific Its resistance is increased, mid accordingly, the photoresist mask pattcm 
cannot be.tcduccd in Ihickncss (Narita, coL 10, U- 35-41)* Consequently, Narita teaches that 
(he mask is nanowcd and the photoresist mask aspect ratio is increased, resulting in a 
phenomenon in which the mask pattern is easy to physically fiill when it is washed aftcr 
devdopment (cdL 10, 11. 41 This disclosure is consistent with the discussion in 
pamgn^h 10 above regarding problems resulting firom cooventaonal solutions to the ^etal 
stringer^ problem, 

19. Narita appears to bo silent with regard to fbnning a buffer layer on a 
photoresist pattern. Acconlingly, Narita cannot suggest the observed improvcnients in defe 
reduction provided by the method ledted in paragraph 3 as a result of fbnning a bu£fer layer 
on a photoresist pattern. 

20. Chung discloses a semiconductor manu&cturing method that includes defining 
a aubstiate^ depositing a polysilicon layer over the substrate, depositing a layer of photoresist 
over the polysilicon layer, patterning and defining the photoresist layer, depositing a layer of 
inorganic material over the patterned and defined photoresist layer where the layer of 
inorganic material is conformal and photo-insensitive, and anisotroptcally etdnng the layer of 
inorganic material and the layer of semiconductor material (Abstract)* 

21. While it is an object of the invention of Chung to enhance the etching 
resistance of a patterned photoresist layer (coL 1, IL 37-39), Chung appears to be ^cnt with 
res^d to any dc&ct reduction e&ccts of forming the lnyer of inorganic material over the 
patterned and defined photoresist layer. Accordingly, Chung cannot suggest the observed 
impmvcments in defect reduction provided by the metiiod recited in paragraph 3 as a result of 
fonrning a buffer layer on a pbotorenst pattern. 

22. . As a result^ the observed improvemcnls tn defect reduction provided by fbc 
method recited in pamgraph 3 are nnegcpcctcd in view of Ihe Narita and Chrnig patents. 
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FurlJier, Dedaiant sayelb not 

I hereby declare that all stotements made herrin of my own knowledge arc true and 
that aU statements made oa ittfinanatiDii and belief are believed to be true; and fiirtber tbas 
these statements were made vAA. the Icnowiedge ib^ vfUlfal Msc statements and the like so 
made are pumsbnbie by fine or in^risonmentt or both, tinder Section 1001 of Tide 18 of the 
United States Code ond that such imOUuI fidse statements may Jeopardize the validity of the 
Bbove**ideoti6ed application or any patent issued theteon or tfaerefirom> 
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EXHTBTTA 

Work Experience: 

« 2001. S. - Present: podgbuAoom Semicotiductor, inc., responsible for produedon 
cnginccrmg 2teBm« 

. 1998. L ~ 2001. 4.; GSDC(GIganims semiconductor design company), at Taivfan» 

responsible forPE engincering. 
• 1989*2.-*' 1997. 12.: Samsung £lcGtionlcs» Inc., Senior etch process engineer at R& 

D center* 

Education; Received a B-S, dcgtce in Pbyrfcs ftom Sogang University in 1989, 2. 
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